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(54) Bovine interferon 

(57) There is provided genetically engineered bovine interferon of the IFN-u-type and various sub-types thereof. 
There is further provided a double stranded DNA molecule which includes DNA encoding BolFN-a A, BolFN-a B, 
BolFN-a C, and BolFN-o D, and cloning vehicles including such DNAs. There are further provided cells including such 
DNA and a process for the production of such types of BoIFN based on the use of such cells. Furthermore, there is 
also provided a method for the identification of a bovine I FN -a DNA sequence. 
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SPECIFICATION 
Bovine interferon 



inorderto limit economical losses provoked '^J^J^^lertaindreurt^n^w* 

in mice, humans and now as shown ^^^^^^i^S^m^n^ 
^aiorob^ 

30 stems from the difficulties in obtaining large ^■ n V^i^^ffi™ < X bte source for the 

types. The techniques of genetic engineering information of each 

production of individual IFNa proteins. These technique. . I ow on or by chemical synthesis of 
interferon.by direct manipulation of megenomeortet^wnp^ 

35 Srien signals) lead to high levels of production of the cloned interferons. 
TpaZ^T« 

!: SSonXS^ 50 

bovine genomic blotts. 
3. Screening of the genomic library by in situ hybndiza t.on. 

^T'^arationofexpressionvehiclesandsyntheticoUgon 
expressing high levels of the BolFN-a polypeptide m vivo. 
e. Production and Purification of BolFN-a and its derivatives. 
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Total DNA is extracted from bovine cells such as liver, placenta and thymus cells. DNA is extracted from 
the cells by extraction procedures using reagents such as phenol. The DNA is randomly fragmented by 
mechanical shearing or by digestion with restriction enzymes. Partially digested or sheared DNA is 
fractionated by methods such as sucrose density gradient centrifugation or gel electrophoresis to obtain 
5 fragments of the required size. These fragments are inserted into cloning vehicles to construct the genomic 5 
library. 

The choice of vector is influenced by many factors including the type of foreign DNA being inserted, the 
type of restriction endonuclease used, whether or not expression of the insert is required, and the nature of 
the host. Commonly used vectors are cosmids, bacteriophages or plasmids that have a number of useful 

10 restriction endonuclease sites, and a means of identifying bacteria that carry a recombinant DNA molecule. 10 
Viral vectors have the advantage that they infect cells with high efficiency and reproduce rapidly. One further 
unique advantage of phage vectors is that their DNA is completely packaged in the virus particle and 
therefore the foreign DNA can be stored and amplified easily. The latter property is very useful when one has 
to manipulate a library of over one million different clones. 

15 The genomes of the entire family of lambdoid phages are organized so that their central one-third 15 
{=*stuffer segment) contains genes that are entirely dispensable for lytic growth. 

The essential right and left ends of the phage are designated right and left arms. The non-essential 
sequences can be deleted using various restriction enzymes. These cloning vehicles allow the insertion of 1 5 
to 20 kb of foreign DNA between the phage arms. In practice the bacteriophage K vector DNA is first treated 

20 with a restriction enzyme and then the arms are separated from the middle "stuffer segment". The isolated 20 
arms are then ligated with the chromosomal DNA of interest. Depending on the vector used, any of several 
approaches for "arms preparation" may be used. The sucrose density gradient centrifugation proved to be 
the most efficient one and is the method of choice in the present study. 
Cloning of the hybrid phages was based on the in vitro packaging system (Hohn B 1975, J.Mol.Bio 55,93). 

25 The in vitro packaged DNA was propagated in E cofi cells, thus establishing the recombinant phage library 25 
which represent the entire genome. Several such libraries were amplified and used as a source for isolation 
of bovine genes. 

To isolate a single gene from a library of a eukaryotic DNA {3 x 10 9 bp genome size), one has to screen 
more than 100,000 clones assuming an average size of 20 kb for the eukaryotic inserts. A screening 
30 procedure which allows one to handle such a large collection of clones is provided by hybridization in-situ, if 30 
a labelled sequence-specific probe for the desired gene is available. Since we had no prior knowledge of the 
bovine IFN sequence, we decided to use the human IFNa sequences which we had cloned previously 
(Interferon Production, Israel patent application No. 70678, 1984) to probe the bovine library for BolFN-a 
genes. Before using the HulFN sequences as probes for the bovine library, it was confirmed that the HulFN 
35 sequence can hybridize specifically to bovine DNA by genomic blotts. 35 
\ clones which hybridize with the HulFN-a probe are isolated, propagated and their DNA analyzed by 
restriction enzyme digestion and southern blotts to map locate the regions homologous to HulFN-a DNA. 

Extensive restriction enzyme analysis of this DNA region allows further genetic manipulation of the 
BolFN-a gene. 13 clones hybridizing specifically with HulFN-a probe were identified so far. These represent 
40 at least 5 distinct members of the BolFN-a gene family, four of which were further analyzed and their 40 
complete DNA sequence was determined (Figures 1 , 2. 3, 4). 

To evaluate the biological activity of the BolFN-a, an efficient expression vehicle can be used for the 
production of the BolFN-a, polypeptide or the mature met-IFN polypeptide. 
For efficient expression in bacteria of BolFN-a genes plasmids were constructed which included efficient 
45 transcription promoters such as fac, trp, \P L or XP R together with natural or synthetic bacterial efficient 45 
translation initiation signals and the appropriate coding sequences which eventually lead to the production 
of the met-IFN polypeptide. 

The BolFNa genes can be manipulated also for efficient expression in eukaryotic cells where they will be 
cloned with the natural signal peptide coding sequences which will be processed in vivo and thus produce 
50 the authentic natural IFNa polypeptide. 50 
Furthermore, the BolFNa sequences can be manipulated in such a way that a fused polypeptide will be 
produced in the bacterial or eukaryotic cell and the fused polypeptide will be further processed by the cells or 
in vitro to produce the authentic natural IFN-a polypeptide. 
BolFN-a can be produced in a eukaryotic or prokaryotic carrier based on the specific expression regulation 
55 system which was constructed. For example, expression in prokaryotes using the trp transcription promoter 55 
can be induced by controlling tryptophan concentration in the growth medium, alternatively production can 
be made constitutive either by introduction into a trp repressor defective strain or by a construction using a 
trp operator constitutive mutant. 
Growth under the appropriate conditions as described above leads to accumulation of the genetically 
60 engineered BolFNa polypeptide. The IFN extraction step depends on whether or not the product is extra- or 60 
intra-cellular. For the latter procedures involving cell membrane disruption with enzymes, detergents or 
mechanical force are used. The purification procedure is based on the physicochemical, immunological and 
biological properties of the BolFNa, e.g. low pH and detergent stability; 
Ma> of 18.000 Dalton, binding to poly- or monoclonal homologous antibodies or IFNa receptors and on the 
65 antiviral activity. $5 
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Using a combination of extraction, differential precipitation, size and affinity chromatography methods 
bacterial BolFNot was purified to a high specific activity. The purified IFNa preparations showed antiviral 
activity on a large spectrum of different eukaryotic cells from human to lower mammalia. The BolFNa has a 
specially high activity in cells of bovine origin. 
5 5 
EXAMPLE 

Stage 1: 

1 0 Isolation of high molecular weight DNA from calf liver 1 0 

The source of DNA for the genomic library was the liver of a freshly slaughtered Holstein Fnesran cow. 
DNA was prepared essentially according to Blin & Stafford (Nucleic Acid Res. 3 9 1976), 50 gr of frozen tissue 
were ground to a thin powder in a Waring blendor in the presence of liquid nitrogen. The powde, -was added 
in small amounts to a solution of 400 ml phenol and 400 ml extraction buffer (20 mM tris-HCI pH 7.6, 0.5% 
1 5 SDS, 1 .0M NaCI ; 1 mM EDTA). The mixture was stirred on a magnetic stirrer for 30 min. and then centnfuged 1 5 
at 4000 rpm for 10 min. in a Sorvall G5A rotor. 
The aqueous phase was reextracted with phenol and then with ether in a separatory funnel. 
The DNA preparation was placed in a dialysis bag and RNase (free of DNase) was added to make a final 
concentration of 50 ng/ml. Dialysis was carried on overnight at room temperature versus 10 liter of 20 mM 
20 Tris-HCI pH 7.6, 10 mM NaCI and 1 mM EDTA. 

EDTA (50 mM final concentration), SDS (0.5% final) and proteinase K (100 ng/ml final) were added to the 
DNA solution which was incubated for 3 h. at 37°C. unc « M 

DNA was phenol extracted twice, ethanol precipitated and resuspended in 10 mM Tris-HCI pH 7.6, imrvi 
EDTA (TE buffer). 



25 



Stage 2: 



Stage 3: 



20 



25 



30 



Preparation of 16 kb DNA Fragments from partially digested calf liver DNA 
1 6 kb bovine DNA frag ments were obtained by partial digestion of high molecular weight DNA with the 
30 restriction enzyme Sau 3A. 

The enzyme recognizes the 4 bp sequence GATC and generates a 4 b cohesive end. The GATC end is 
homologous to the one generated by the restriction enzyme BamH 1 . BamH 1 will be used later on to obtain 
the left and right arms of XL47.1 vector, which will be ligated to the bovine DNA. 400 »ig of high molecular 
weight calf liver DNA was digested with 1 00 units of Sau3A. After incubation at 37°C for 1 hour the reaction 
35 was stopped by adding phenol. The DNA was extracted twice with phenol/chloroform, precipitated in 35 
ethanol and dissolved in TE buffer. 

To fractionate the DNA, the preparation was heated 10 minutes at 68°C, chilled to 20 C and layered on a 38 
mi 10-40% sucrose gradient in 1 M NaCI 20 mM Tris-HCI pH 8.0 and 5 mM EDTA. Centrifugation was 
performed at 26.000 rpm in a Beckman SW 27 rotor for 24 hrs at 20°C. 0.5 ml fractions were collected, 10 jil 
40 aliquots were analyzed by electrophoresis through an 0.8% agarose gel. Following electrophoresis gradient 40 
fractions containing DNA in the 12-18 kb size range were pooled. 

At this stage, it was found that it is impossible to precipitate the DNA. It turned out that both dialysis and a 
concentration step are required prior to precipitation. Dialysis was performed against 4 liters of TE overnight. 
Concentration was achieved by chromatography on DEAE cellulose. The dialysed fractions (8 ml) were 
45 loaded on an 0.3 ml column of DE-52 pre-equilibrated with 0.1 M NaCi 0.01 M Tris-HCI pH 7.6. The column was 45 
then washed with several column volumes of the equilibration buffer. The bound DNA was then eluted with 
6.5 M urea, 1 M NaCI and 10mM Tris-HCI pH 7.6. 0.5 ml fractions were collected and the ones containing DNA 
were pooled, precipitated and dried in vacuum. 
Dried out pellets of high molecular weight DNA are hard to dissolve. Complete resuspension in TE at a 
50 concentration of 1 tig/n-l was achieved by 4 hours incubation at room temperature. 400 \ig of chromosomal 50 
liver DNA yielded 60 p.g of purified 12-18 kb DNA fragments. 



55 



55 Preparation of Bacteriophage \L47.I DNA 

Bacteriophage XL47, designed by Leonen and Brammar, (Gene 10 p.249 1980) was used as a cloning vector 
for the construction of the genomic library. DNA was prepared from a phage suspension containing 10 
CsCI purified particles. CsCI was removed by dialyzing the suspension twice against a 1000 fold volume of 50 
mM Tris-HCI pH 8.0, 10 mM NaCI and 10 mMMgCI 2 . 

60 After two hours, the phages were removed from the dialysis bag, EDTA (final concentration 20 mM) SDS 60 
(final concentration 0.5%) and proteinase K (50 jtg/ml) were added and the preparation was incubated for 1 
hr. at 65°C. This was followed by consecutive extraction with phenol, phenol/chloroform and chloroform. 
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Stages- 
Preparation of *\Arms" 

The bacteriophage X vectors require that the middle "stuffer segment" of their genome is removed in 
5 order to accommodate for 1 5-20 kb of the foreign DNA. This process is generally referred to as the 5 
"preparation of the arms": In the case of \L47 this is achieved by digestion of the phage DNA with the 
restriction enzyme BamH 1 followed by sucrose density gradient centrifugation. 3 fragments are generated 
by this treatment: 

A 23.5 kb fragment representing the left arm, a 10.5 kb fragment representing the right arm, and a 6.6 kb 
10 stuffer fragment. 10 
Quantitative separation of arms and stuffer fragment were obtained by annealing the right and left arms of 
the vector through their cohesive ends (under conditions where the ends created by restriction digest are not 
annealed) to form a 34 kb fragment prior to the sucrose density gradient separation. In addition, the stuffer 
fragment was further reduced in size by enzymes which cleave this fragment exclusively. In the case of L47.I 
15 Xho I and Sal I were the enzymes used to produce fragments smaller than 4.3 kb. 15 
Procedure: 

1 50 jLg of bacteriophage DNA were digested with a three fold excess of Bam H I. Upon completion of Bam 
H I digestion the DNA was treated with Sal l and Xho I. 

The digested DNA was extracted twice with phenol/chloroform, ethanol precipitated and resuspended at a 
20 concentration of 1 50 jx,g/ml. To anneal the left and right arms MgCI 2 was added to a concentration of 10 mM 20 
and the preparation was incubated at 42°C for 1 hour. 

The digested and annealed DNA was loaded on 38 ml 10-40% sucrose gradients containing 20 mM Tris HCI 
pH 7.6, 1 M NaCI and 5 mM EDTA. 

No more than 60 \ig of DNA were applied on one gradient. Centrifugation was performed in a SW 27 rotor 
25 at 26,000 rpm for 24 hours at 15°C. 0.5 ml fractions were collected and 20 pJ aliquots from each fraction were 25 
analyzed by gel electrophoresis. Fractions containing equimolar amounts of left and right arms were pooled, 
dialyzed and concentrated as described for fragmented calf liver DNA. 

Three gradients loaded with 50 jig digested DNA yielded 45 \ig of purified arms. 

30 StageS: 30 

Ligation, Packaging and A mpfification 

10 \ig of arms were ligated to 2.5 jig of insert in a total volume of 100 julI in the pesence of 50 mM Tris-HCI 
pH 8.0, 10 mM MgCI 2 , ImM ATP, 15 mM DTTand 1000 units of T4 ligase (N.E. iolabs). 
35 The reaction was performed in two steps. First, the arms were mixed with Tris buffer and MgCI 2 and 35 
incubated for 1 hour at 42°C to let annealing of the k cohesive ends, then ATP, DTT, bovine DNA and ligase 
were added and the reaction was transferred to 14°C for 16 hours. ^ 

A X packaging mixture prepared essentially according to the method of Hohn B (Methods in Enzymology 
Wp.299, 1979) was used. 

40 1 jig of ligated DNA yielded 7 x 10 s pfu. To prepare a complete library, 4 \ig of ligated DNA were used 40 
resulting in a primary library of 2.8 x 10 6 phages. 

The genomic library was amplified by propagating the bateriophages in EcolilE 392 on N2CYM plates 
(1% NZ amine, 0.5% yeast extract, 0.1% casamino acid, 0.2% MgS0 4 and 1% Agar). Aliquots of the packaging 
mixture containing recombinant bacteriophages were mixed with bacteria and incubated at 37°C for 20 
45 minutes. Melted top agar (NZCYM) + 0.5% Agar) was added and the suspension was spread onto 150 mm 45 
plates of NZCYM agar. Each plate was overlaid with 7 ml of top agar containing 17,000 recombinant 
bacteriophages and 0.2 ml host bacteria. Batches of 30 plates were prepared at a time. A total of 1 50 plates 
were used to amplify the library. Plates were incubated at 37"C for 9 hours. 
To coriect the bacteriophages, top agars were pooled into a sterile beaker. Chloroform was added to a final 
50 concentration of 5% and the lysates were incubated for 1 5 minutes at room temperature with occasional 50 
shaking. The suspension was then left overnight at 4°C to allow elution of bacteriophages. Cell debris and 
agar were then removed by centrifugation at 4°C for 1 5 minutes. 

The total number of bacteriophages in the amplified library was about 8 x 10 12 pfu. This indicates an 
amplification of 2.5 x 10 s over the primary library. 
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Stage 6: 



55 



Determination of Hybridization Conditions between the rVu/F/V-a gene and Bovine Sequences 
To determine whether or not the HulFN-a sequences can be used to probe the bovine genomic library, we 
60 prepared genomic blots of bovine DNA and various labelled fragments of the HulFN-aJI gene. (Shafferman 60 
A. et.al. patent application No. 70678). The HulFN-a gene was spliced by Sau 3A into 4 fragments of 177, 207, 
270 and 51 5 bp and the isolated fragments were labelled by nick translation with a 32 p dATP and hybridized 
under various hybridization conditions to the bovine genomic blots. 
Using the fragment Sau3A 177 (this fragment covers the N terminal region of the coding block) several 
65 distinct bands were revealed. This fragment was chosen as the probe for screening the library. 65 
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Stage 8: 

Localization of Interferon Sequences on the A Hybrid DNA 

Hind\\\ t BamHf, EcoRI and Sail restriction maps of clones 103, 107, 108, 1 1 1, 1 15 and 118 were 
5 determined by multiple enzyme digests. 5 

As can be judged from these maps, clones 115 and 118 represent overlapping regions on the bovine 
chromosome. 

To localize the BolFN sequences, blots of each of the clones digested with the restriction enzymes 
mentioned above were incubated separately with each of the 3 Sau3A probes of HulFNa (177 bp, 270 bp, and 
10 515bp). 10 

Altogether, it can be concluded that from the restriction and hybridization studies, that at least 5 distinct 
IFNa genes are present in the bovine genome. 

Clones 103, 107, 108 and 115 were further characterized. DNA fragments carrying the entire hybridizing 
block for each of these clones were isolated and subcloned into the Hind III site of the plasmid p BR322 and 
15 then sequenced by the method of Maxam and Gilbert (Proc. NatAcad.Sci.74 p.560, 1977). Plasmids carrying 15 
the genomic inserts of interest were subjected to cleavage with appropriate restriction enzymes. DNA 
fragments we're labeled with (a- 32 p) deoxynucleotides using the large fragment of Ecofi DNA Polymerase I. 

The genes carried on clones 103, 108, 1 15 and 107 were designated BolFN-aA, BolFN-aB, BolFN-aC, and 
BolFN-aD respectively. The sequence of the gene BolFN-aA is shown in Figure 1. The sequence of the gene 
20 BolFNa-B is shown in Figure 2, the sequence of gene BolFN-aC is shown in Figure 3, and the sequence of 20 
gene BolFN-aD is shown in Figure 4. 

The four sequences contain an open reading frame of 570 bp encoding for 189 amino acids. The 23 first 
amino acids of the putative polypeptide is the signal peptide characteristic of IFNa molecules. 

The putative mature proteins are very closely related (Figure 5), their amino acid sequence is highly 
25 conserved with an average homoiogy of 93%. It should be noted that all four polypeptides resemble human 25 
IFNaS. The homoiogy between the putative amino acid sequence of the BolFN and that of the consensus 
human IFNa (Goeddel D.U.et al. 1981 Nature 290.20) is in the order of 65%. 

Stage 9: 

30 30 
Preparation of expression vehicle: 

To show that BoIFNa genes have biological activity, it was required to produce this protein and thus 
efficient expression vehicles were designed for the production of the IFNa polypeptide. 
Here we describe the use of one such vehicle pSE2- in which the Ecofi trp sequences serve as the 
35 expression element. This trp promoter plasmid belongs to a family of trp expression vehicles described 35 
previously (Rose Shafferman 1981 PNAS 756670; Shafferman etaLJ.Mol.Blol. 767 57; Grosfield etal. 1984 
M.G.G. 795, 358; Interferon production, patent application No. 70678, 1984). 

pSE2 has a unique EcoR 1 site located within the 6th codon of the trp L pSE2 was digested with EcoRI and 
the cohesive ends were filled in by DNA polymerase I large fragment. This DNA was ligated to the Pvuff- 
40 Smal fragment of clone 115 containing the entire coding block of the mature BolFNa-C as well as 24 bp 40 
coding for part of the signal'peptide plasmids containing the BoiFNa-C DNA fragment in the appropriate 
orientation were isolated and analyzed to veryify a correct fusion of trp L sequences with bovine I FN 
sequences. This plasmid was designated pBC-1 (Figure 6). 
Different trp expression vehicles such as pHG5 (Grosfeld et al. 1984 MJG.G. 195, 358) were used to produce 
45 a mature met-IFN-a polypeptide taking advantage of the single Cla I site in pHG 5 and the FnuAHl site at 45 
position 154 of the BolFN-aC sequence (Figure 7). 

Plasmids carrying the various BolFN derivatives including those coding for the met-mature BolFN such as 
pBC-3 (Figure 7) were used to transform different Ecofi strains. 
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Stage 10: 



5P £;o^E392cel.sharbonn g pBC.1orpBC.3were g ro W ,oadens^of8x,0'cens/mnnLmed iU m 

supplemented with 0.5% K 2 HP0 4 and 0.2% KHjPO* cen trifuaation at 28.000 rpm in an R-30 

Bacterial extract containing BolFN-aC was submitted to 60 m .nutor cerrtrrf « T he precipitate 
Bec^man rotorand the su r atantwasc« 
10 was resuspended in 0.1 M K-phosphate buffer pH 1 8.0 and the nonsomo ,t p commercially 
centrifugation. The clear supernatant was applied d rectly to a ™™fcoE«lnil HulFN-a (34) was 
avai.ab.eco.umn(Serono Diagnostic,^ — 

found to be suitable for the punflcat on of BolFN-a C. HM *9 a pp - NaC| jn 

judged by SDS-PAGE. 



20 Sfape ff 

using as a challenge VSV. 
25 Tests were performed on the following cells: 

Human- HeLaandFs11 

Monkey- Vero 

Bovine - MDBK and EBtr 

Rodent- L929and BHK 
30 Pronounced antiviral activity was observed on the bovine lines. 

immunological properties: Miii .„, eBW hv an ti-human IFN-a or by anti-human 

35 experiments to immobilized anti-human a Interferon. 

Ph ysicochemicai properties: 
a. stable to pH 2 for 2 hours. 37°C. 

„ c. 

^SiSSu* define the DNAseguences coding for the products of the invention and a.so the 
composition of the bovine type interferons of the invention. 
The following Tables illustrate: 

indicated by the black triangle) precedes the Cys codon. 

50 

indicated by the black triangle) precedes the Cys codon. 
indicated by the black triangle] precedes the Cys codon. 

60 

indicated by the black triangle) precedes the Cys codon. 
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Tabled: 

is a comparison of amino acid sequence of the BolFN-o A, aB, aC and aD; 

mature BolFN sequence starts from amino acid 1 (Cys) while the pre-BolFN contains in addition the signal 
peptide of 23 amino acids (numbers of signal amino acids are preceded by the tetter S). Only differences 
5 from BolFN-a C are shown in the enclosed Figures. 5 

Figure U 

illustrates the construction of a recombinant plasmid expressing a fused BolFN-a C polypeptide: 

A. Steps involved in the insertion of the bovine IFN-aC sequences in the trp expression vehicle pSE2: The 

10 open bar represents the 360 bp trpEcofi promoter fragment containing the first 6 codons of the trpL Shaded 10 
bar represents 525 bp of the coding sequences of the BolFN-aC. The insertion of the bovine Pvu II - Sma I 
DN A fragment in the filled-In EcoRI site of pSE2 regenerates the EcoRI site. 

B. N-terminal sequences of the fused trpL-BolFN-aC (f-BolFN-aC) polypeptide. 

Figure 2: 

Construction ofpBC-3forthe expression of mature met-BolFN-aC 
Shaded areas mark coding region for mature-BolFN-aC. Black areas mark signal peptide sequences. 
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Specimens of the cultures listed below were deposited with the Israel Institute for Biological Research on 
15 April 1 984 and with the German Culture Collection at Goettingen, Federal Republic of Germany in April 
1985 on a day prior to the date of the present application. 
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E.Coli K12 - LB392 

Plasmid pNIZ 131 in LE393 

10 ' ' 10 

Plasmid HiG5 in E Coli KI2 

Plasmid pSE in X.E 393 

Phage Bovine genomic library 
15 15 
CLAIMS 

1 . Essentially pure genetically engineered bovine interferon of the IFN-a-type selected from pre-IFN-aA, 
pre-IFN-aB, pre-IFN-aC, pre-lFN-aD, mat-IFN-aA, mat-IFN-aB, mat-IFNa-C, mat-IFN-aD, Met-mat-IFN-aA, 

20 Met-maMFN-aB, Met-mat-IFN-aC, and Met-mat-IFN-aD. where mat designates mature and Met designates 20 
methionine. 

2. Bovine genetically engineered essentially pure inerferon of the a-type as claimed in claim 1, having the 
following characteristics: 

affords protection to bovine cells against viral infections; 
25 links to immobilized anti-HulFN-antibodies; 25 
is stable at pH 2 for at least 2 hours; 
is stable to SDS 0.1 % with a half-life larger thsn 5 hours; 

migrates on SDS polyacrylamide gels at a position equivalent to a molcular weight of about 18,000 
daltons. 

30 3. pre-BolFN-oA, pre-BoIFN-aB, pre-BolFN-aC, and pre-BolFN-aD, as claimed in claim 1 and as defined by 30 
the amino acid sequences in Tables 1, 2, 3, 4 respectively, and in Table 5. 

4. Mature BolFN-aA, BolFN-aB, BolFN-aC, and BolFN-aD, as claimed in claim 1 and as defined by the 
amino acid sequences in Tables 1 , 2, 3, 4 and 5, respectively. 

5. Met-Mature BolFN-aA, BolFN-aB, BolFN-aC and BolFN-aD, as claimed in claim 1, and as defined by the 

35 amino acid sequences in Tables 1. 2, 3, 4, respectively. 35 

6. A double stranded DNA molecule which includes DNA encoding BolFN-ctA, BolFN-aB, BolFN-aC, or 
BolFN-aD. 

7. A double stranded DNA molecule which includes DNA encoding BolFN-aA, BolFN-aB, or BolFN-aC, or 
BolFN-aD, as claimed in claim 6, having the sequence defined in Tables 1, 2, 3, 4 respectively. 

40 8. A double stranded DNA molecule as claimed in claim 6, which encodes BolFN-aA, BolFN-aB, or 40 
BolFNaC, and BoIFNaD respectively, one strand of which contains the nucleotide sequence shown in Tables 
1, 2, 3, and 4, respectively. 

9. A DNA effectively coding for a BolFN defined in claim 1, comprising an effective part of DNA molecules 
defined in any of claims 6 to 8. 
45 10. A cloning vehicle, which includes a DNA molecule defined in claim 6. 45 

11. A plasmid which does not occur in nature and which contains a DNA of defined claim 6. 

12. A cell which does not naturally contain the DNA molecule of claim 6, and into which a DNA molecule 
defined in claim 6 has been introduced. 

1 3. A cell according to claim 1 2 which is a procaryotic or an eucaryotic cell. 

50 14. A recombinant plasmid wherein a DNA showing complementarity to bovine IFNa-type messenger 50 
RNA is inserted in a vector DNA 

15. A recombinant plasmid according to claim 14, wherein the DNA codes for a polypeptide with IFN 
activity defined by the amino-acid sequence of any of Figures 1 to 4. 

16. A method of producing BolFN-aA, BolFN-aB or BolFN-aC, or BolFN-aD, which comprises culturing or 

55 growing a cell as claimed in claim 13. under suitable conditions permitting expression of the DNA encoding 55 
the respective bovine IFN-a, and recovering the specific interferon thus produced. 



17. A method identifying a Bovine IFN-a DNA sequence wh.eh comprises ^^r^r^XT^cc 
IFNa-J1 fragment of the ^sequence ATG GCC CGG TCCTTTTCTTTACTG ™™™lB™™™£c 
TAC AAA TCC AIC TGC TCT CTG GGC TGT GAT CTG CCT CAG ACC CAC AGC CTG CGT AAT AGO ! AGG GCC 
TTG ATACTCCTGGaJcAAATG GGA AGA ATC TCT CCT TTC TCC TGC TTG AAG GACAGACATGAATTC 

5 AGA TTC ^G GAG GAGGAG TTT GAT GGC CAC CAG TTC CAG AAG ACT CAA GCC ATCTCTTGTC^TC CAT 5 
GAG ATG ATC CAG CAG ACC TTC AAT CTC TTC AGC ACA GAG GAC TCA TCT GCT GCT TGG GAA CAG AGC 
CT<? C^^G^^ AA^ "T^ TCC ACTGAA CTT TAC CAG CAA CTG AAT GAC CTG GAA ^jf^^Jj?^??*^ 
G AG^TTGGG^TC GAA GAG ACT CCC CTG ATG AAT GAG GAC JJ?j5^JEI5pM^g rag GTT^TCAGA 
TTC CAA AGA ATC ACT CTT TAT CTA ACA GAG AAG AAA TAC AGC CCT TGT GCC TG G GAG GTT GTC AGA 

10 GCA GAAATC ATC AGATCC TTC TCT TTT TCA ACA AAC TTG AAA AAA GGA TTA AGG AGG AAG GATto 10 

'"is' .^polypeptide having bovine interferon activity, whenever produced by using a DNA defined in claim 
6, or a cloning vehicle defined in claim 10. i.i_~ii„ is ik 

15 19 A polypeptide having bovine IFN activity^ 15 
20 A method according to either of claims 16 or 17, substantially as here.nbefore descnbed and 

'TKInVS 

reference to the foregoing Tables and accompanying drawings. 
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